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Abstract 
Many pilot-based initiatives have been developed to promote awareness and use of climate 
information services among vulnerable smallholder farmers in Africa through million-dollar 
investments. However, despite their experimental nature, these pilot projects have been 
successful in raising participating farmers’ awareness and use of climate information services 
and they can inform transferrable good practices. Through a systematic literature review 
approach, this review sought to understand ways in which these past pilot projects have 
contributed to climate risk management in the context of smallholder farming and the factors 
that led to their success. Results showed that climate information services main contribution to 
climate risk management has been through facilitating farm level decision making. Factors that 
led to success of the pilots include: use of downscaled information; building institutional 
partnerships to add value to climate information; involving farmers through the co-designing 
and co-developing process; face-to-face way of communication; embedding pre-seasonal 
workshops in the activities of local institutions for sustainability; using diversity of 
communication channels to enhance reach among others. These factors can be borrowed as 
good practices to inform future efforts focused on increasing adoption of climate information 
services among a wider population beyond pilot project reach. 
 
Keywords: Climate information services; pilot projects; climate risk management, 
systematic literature review 
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1. Introduction 
The position of agriculture as a leading GDP earner, employer and food provider for most sub-
Saharan African countries is increasingly being threatened by climate variability and change 
[1,2,3,4]. Over 90% of agriculture in Sub-Saharan Africa is rain-fed, leaving smallholder 
farmers in the region highly vulnerable to climate risks.  Traditional climate risk coping 
strategies are increasingly failing, thereby increasing the vulnerability of the poor to famine 
and perturbations such as droughts and floods [5,6,7]. Millions of dollars have been invested 
through initiatives in the search for solutions aimed at cushioning food security on the continent 
against the impacts of climate change and variability [8].  
 
One such initiative is the promotion of the use of climate information services (hereafter CIS) 
among smallholder communities. Many CIS initiatives in Africa have tended to be pilot project 
based and are carried out to either strengthen existing delivery systems or develop these where 
none existed before [9]. Despite their experimental nature, these pilot cases demonstrate a 
number of good practices and provide valuable insights for management of climate risks [9].  
However, pilots are by nature limited in scale both temporally and geographically. Due to these 
limitations, only a small portion of the wider community get the opportunity to become pilot 
beneficiaries. In addition, since pilots are fully dependent on donor funding there is a problem 
of sustainability of the good practices attained after the pilots come to an end. As a result, good 
practices learned from pilots have had minimal impact as far as climate risk management is 
concerned.  
 
A number of reviews have assessed the CIS through a lens of constraints to their utility in 
decision making [10,11,12]. On the contrary, this review takes a novel approach focusing 
solely on how past CIS pilot projects have contributed to climate risk management in the 
context of smallholder farmers and the lessons that these pilots offer to inform sustainability 
and expansion of good practices. To this end, this review critically assessed and synthesized 
knowledge from a range of peer reviewed pilot project reports to answer two targeted research 
questions: 1. What are the contributions of past CIS pilot project experiences in climate risk 
management? 2. What lessons can be learned from successful past pilot projects to inform 
expansion and sustained adoption of CIS? 
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2. Methodology 
A systematic literature review methodology was adopted to identify the contributions of past 
CIS pilots and the lessons for scale out and expansion. A systematic literature review is a 
summary and an assessment of the state of knowledge on a research question or a given topic, 
which is structured to summarize existing understanding [13]. This review approach is different 
from the traditional literature review approaches in many ways. One outstanding difference is 
that the systematic review methodology avoids the inherent bias relating to selection and 
interpretation of content that characterizes traditional literature review [14]. Recent studies in 
climate change research have demonstrated the value of this methodology in summarizing state 
of knowledge from existing literature [13,14,15,16].  
 
Several studies give a discourse of other ways in which the systematic literature review 
approach differs from the traditional literature reviews [13,17]. First, systematic literature 
reviews employ pre-defined eligibility criteria for inclusion and exclusion of documents, which 
enhances both transparency and replicability of the review process. This pre-defined eligibility 
criteria for documents ensures that the final reviewed documents are based on a criterion that 
can be defended instead of an ad hoc and biased document selection [17]. Secondly, systematic 
reviews present a disclosure of the databases searched in the review process and the search 
keywords used for every database. Lastly, systematic reviews permit the use of qualitative and 
quantitative approaches to extracting and discuss information from the selected documents. In 
short, unlike the systematic reviews, the traditional literature review approaches do not provide 
any details on the review procedures used, which makes it difficult to replicate such studies 
and validate interpretation [16]. Traditional literature reviews are therefore subjected to 
researcher bias who can influence the direction of a research question through a biased 
selection of documents.   
 
Systematic literature reviews have been applied across diverse disciplines but more in health 
sciences and now recently in climate change studies [17]. Despite diverse applications, a 
systematic review process follows systematized methodology consisting of five general steps: 
(a) formulation of research question/s and scope, (b) development criteria for document 
inclusion and exclusion as well as search terms to guide document selection across databases, 
(c) critically appraise and filter selected documents based on the inclusion and exclusion 
criteria, (d) analyze review results using quantitative and/or qualitative approaches, (e) present 
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results [14,16,17,18,19]. Guided by these authors, this study followed these five systematized 
methodological steps to select relevant documents for the final review.  
 
2.1 Search for peer review literature 
The review focused more on depth rather than breadth of documents following the procedure 
outlined in [15,14]. Key word searches were performed within the Google scholar and the 
EBSCO Discovery electronic Tool of the University of Nairobi. The latter brings together the 
most comprehensive collection of content and creates a unified catalog of the University of 
Nairobi’s library’s electronic resources accessible through a single search experience. The key 
words used in EBSCO Discovery tool advanced search included in “all fields” [“climate 
information service*” or “climate information” or “seasonal forecast*”] AND [“smallholder 
farm*”]. The advanced search in google scholar included the phrase “climate information 
services” in “with the exact phrase” field.  
 
Table 1: Inclusion and exclusion criteria for peer reviewed articles 
 
Inclusion Criteria Exclusion Criteria 
 English Language 
 
 2010 to 2017  
 
 Peer-reviewed publications 
 
 
 Available in full text 
 Not in English Language 
 
 Pre-2010 and after 31st December 
2017 
 Other types of publications 
(editorials, reviews, book chapters, 
meetings etc.) 
 Not available in full text 
 
  
2.2 Limitations 
A few limitations exist on the systematic literature review approach used in this study. First 
only two scientific data bases: EBSCO Discovery and Google Scholar were used. Other 
databases for instance the Institute for Scientific Information (ISI) Web of Knowledge (WOK) 
or Scopus could have increased the review papers and ensured more comprehensiveness. 
However, these databases require institutional subscription, which is missing at present. This 
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notwithstanding, an effort was made to cross check the references cited in the review papers 
and where deemed fit additional papers were added from the references to minimize this 
limitation. Another limitation is that the review was based on English written articles only 
notwithstanding that more relevant articles may be available in other languages. 
 
The review also considered articles published between 2010 and 2018 inclusively. Anything 
outside the review period was omitted. Lastly [16] observes that challenges of using grey 
literature are countless adding that a simple search can yield millions of hits. In this regard, the 
review did not consider grey literature. However, not all pilot project reports are peer reviewed 
and therefore omission of grey literature affects comprehensiveness. Due to these limitations, 
the review does not comprehensively capture all there is about the questions at hand but 
presents just a proxy or a snapshot of the reality. 
 
3. Results and Discussions 
3.1 Final review papers  
The initial EBSCO Discovery search yielded a total of 9,666 publications. Articles were 
excluded if published prior to 2010, not published in English, not peer reviewed and not 
available in full text as shown in the inclusion and exclusion criteria in Table 1. This date was 
chosen to ensure that research was current. Only full text articles were included. This yielded 
428 publications. In the next phase all titles and abstracts were reviewed to ensure relevancy, 
which yielded 216 publications. In the final step, full texts were assessed to confirm relevancy 
and this yielded 13 publications for the final review. The Initial google scholar search yielded 
716 publications. Limiting the search results to very recent years (2010-2018) and excluding if 
published prior to 2010 and not available in full text resulted in 220 publications. A review of 
titles and abstracts resulted in 31 publications that underwent full text review resulting in 9 
publications for final review. In total 22 peer review articles were considered for the final 
review process.  
 
Included publications were assigned an identifier number (#1 to 22) as shown in Table 2 below. 
The final review papers were examined from the standpoint of how they contribute to climate 
risk management in the context of smallholder farmers as well as the lessons they offer to 
inform sustainability and expansion of good practices. The analysis was done by use of a 
similar framework across all articles. The framework consisted of two criteria: (1) CIS 
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contribution to climate risk management; (2) Key success factors, which considered specific 
factors that led to pilots’ success with a view to generate lessons for scale up.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Schematic representation of the systematic review process 
Keyword searches in EBSCO 
Discovery (December 2017) and 
Google Scholar (January 2018) 
 
EBSCO Discovery 
(n=9,666) 
Google Scholar 
(n=716) 
EBSCO Discovery  
(n= 428) 
 
Google Scholar 
(n=220) 
 
Advanced search 
1st selection of 
papers by using 
inclusion and 
exclusion criteria 
EBSCO Discovery  
(n=216) 
Google Scholar  
(n=31) 
2nd selection of 
papers based on 
titles and abstracts 
EBSCO Discovery (n= 
13) 
Google Scholar (n=9) 
3rd selection 
based of full 
text 
Full text review, synthesis, 
(n=22) 
Merging 
databases 
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Table 2: Pilot publications that were considered in the final review process 
 
Serial 
Number 
Title of pilot Reference 
1 Assessment of India's Agro- Meteorological 
Advisory Service from a farmer perspective  
Venkatasubramanian et 
al., 2014 
 
2 Gender and climate risk management: evidence of 
climate information use in Ghana 
Partey et al., 2018 
3 The impact of climate information services in 
Senegal  
CCAFS, 2015 
4 Developing Climate Services  Aid, C. 2015 
5 Increasing Food Security with Agrometeorological 
Information: Mali’s National Meteorological 
Service Helps Farmers Manage Climate Risk  
Hellmuth et al., 2010 
6 Impact assessment of communicating seasonal 
climate forecasts in kaffrine, diourbel, louga, thies 
and fatick (niakhar) regions in senegal  
Lo and Dieng, 2015 
7 Impact of seasonal forecast use on agricultural  
income in a system with varying crop costs and 
returns: an empirically-grounded simulation  
Gunda et al., 2017 
8 Closing the Gap between Climate Information 
Producers and Users: Assessment of Needs and 
Uptake in Senegal 
Ouedraogo et al; 2018 
9 Contingent valuation study of the benefits of 
seasonal climate forecasts for maize farmers in the 
Republic of Benin, West Africa  
Amegnaglo et al., 2017 
10 Increasing small-scale farmer access to climate 
services  
EwBank, 2016 
11 Investing in on-farm and post- harvest resilience to 
climate change in smallholder value chains  
Rugege and Vermeulen, 
2017 
12 Is Climate-Smart Agriculture effective?  Dinesh et al., 2015 
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13 The value and benefits of using seasonal climate 
forecasts in agriculture: evidence from cowpeas and 
sesame sectors in climate-smart villages in Burkina 
Faso 
Ouédraogo et al., 2015 
14 Review of Climate Service Needs and 
Opportunities in Rwanda  
Nyasimi et al., 2016 
15 Review of seasonal climate forecasting for 
agriculture in sub-saharan africa  
Hansen et al., 2011 
16 Scaling Up Climate Services for Farmers in Africa 
and South Asia  
Tall et al., 2013 
17 Scaling up climate services for farmers: Mission 
possible.  
Tall et al., 2014 a 
18 Who gets the information? Gender, power and 
equity considerations in the design of climate 
services for farmers  
Tall et al., 2014 b 
19 The role of climate forecasts in smallholder 
agriculture: Lessons from participatory research in 
two communities in Senegal  
Roudier et al., 2014 
20 Dorward, P., Tall, A., Kaur, H. and Hansen, J. 2014. 
Training Agricultural Research & Extension Staff 
to Produce and Communicate Agro-Climatic 
Advisories, to Enhance the Resilience and Food 
Security of Farmers and Pastoralists in Tanzania. 
Preliminary Findings from the GFCS Adaptation 
Program in Africa. CCAFS Working Paper no. 132. 
CGIAR Research Program on Climate Change, 
Agriculture and Food Security (CCAFS). 
Copenhagen, Denmark. 
Dorward et al., 2014 
21 Reaching more farmers Innovative approaches to 
scaling up climate-smart agriculture  
Westermann et al., 2015 
22 Role of Mobile Phone- enabled Climate 
Information Services in Gender-inclusive 
Agriculture  
Mittal, 2016  
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As was stated in the inclusion and exclusion criteria, the review included publications starting 
from 2010 and above and a graphical representation of publications reviewed by year within 
the review period is shown in Figure 2. 
 
Figure 2: Number of pilots reviewed by year. 
 
 
Figure 3: Key categorized success factors extracted from the reviewed pilots 
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The reviewed articles provide evidence of contribution of CIS to climate risk management 
through influencing farm level decision making. In addition, the pilot experiences present key 
factors that contributed to their success, and which can be transferred as good practices to 
enhance adoption among vulnerable smallholder communities. These two aspects are discussed 
separately in the following sections. 
3.2 Contribution of past CIS pilots to climate risk management in smallholder farming 
systems 
It is evident from reviewed pilots that through effective use of CIS smallholder farmers are 
able to manage (in other words, anticipate and prepare for) agricultural related climate risks 
through improved decisions.  While these pilot projects employ a wide range of approaches, 
they collectively demonstrate the utility of CIS in helping smallholder farmers manage climate 
risk. Specific examples of how CIS contribute to climate risk management are presented in this 
section. In a pilot experience in Mali, participating farmers through experimental plots on 
which decisions were made based on agrometeorological information, reported that precise and 
timely CIS influenced a repertoire of farm decisions ranging from input purchase, irrigation, 
pesticides and fertilizer use [20]. As a result, participating farmers were able to make better 
management decisions to confront any kind of risk that climate would pose throughout the 
cropping season. An experimental study in Burkina Faso consisting of some villages exposed 
to agro-advisories and control villages that were unexposed to the same demonstrated that 
climate informed farmers were able to change the way they manage their day to day farm 
practices for example choosing when to do land preparation, sow, weed and use fertilizer.  This 
enabled them to manage climate risk and improve their resilience [21,22].  
In yet another pilot project in Burkina Faso to evaluate benefits of using CIS, experimental 
group of farmers who received CIS and agro-advisories experienced improved resilience to 
climate risks by reducing the losses normally caused by climate variability. This was in 
comparison to a control group of farmers who did not receive any CIS [23].  Similarly, in a 
pilot project in Senegal, CIS enabled farmers to improve their adaptive capacity. In this project, 
CCAFS researchers in collaboration with the Senegal National Meteorological Agency 
developed and issued downscaled seasonal rainfall forecasts to farmers and enhanced the 
capacity of stakeholders to provide actionable CIS [24].  
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Several other pilots continue to demonstrate the contribution of CIS to climate risk 
management. A pilot initiative in Kenya showed that CIS influenced farmers decisions for 
instance choosing when to plant, which seed variety to plant, when to weed and use fertilizer 
among others which enabled them cope through the seasonal climate risks and also led to an 
increase in yields [25,26]. In addition, farmers also emphasized the importance of receiving 
seasonal forecasts early enough to inform pre-season management decisions such as seed 
purchase and land management. In yet another pilot project in Senegal, researchers focused on 
examining how farmers would make their decisions when provided with different predicted 
climatic scenarios. Adjusting sowing date in response to dekadal (10 day) forecasts was the 
common response among farmers [27]. This was unlike the typical tendency to sow as early as 
the first big rain event has been experienced which could result to loss of seeds in case a dry 
spell occurs early in the season. This could also lead to greater demands of farm labour as 
farmers must replant their farms. Other changes in farm management in response to dekadal 
forecasts in Senegal pilot study included refraining from weeding on the eve of a rainy day to 
avoid regrowth of the weeds and early harvesting before a rainy dekad to prevent climate risk 
associated damages. 
These findings are similar to those resulting from a pilot project in Ghana where farmers used 
CIS to inform strategic farm decisions such as when to do land preparation, plant as well as 
which crop to plant in order to cope with anticipated climate risk [28]. In India, a feedback 
survey of farmers who were exposed to climate information indicated that the knowledge 
enabled them to reduce costs on inputs associated with climate uncertainty since they became 
more aware about the right inputs to use [29]. In another pilot in Wote, Kenya one of the major 
findings was that farmers tended to adopt conservative farm management strategies in the 
absence of climate information [30,31]. On the other hand, climate information enabled 
farmers to plan and implement improved management of crops, which resulted into increased 
agricultural productivity.  
Across the reviewed pilots, CIS can be seen as a part of farm inputs that undergo pre-season 
consideration. While effective use of CIS empowers the smallholder farmers to make informed 
farm level decisions and thereby manage climate risks and uncertainty, it also results into other 
co-benefits one of which is increased agricultural productivity [20,21,23,29,30,31]. Farmers 
participating in Mali pilot reported increases in crop yields in the fields where 
agrometeorological information was used. This translated to higher farm incomes compared to 
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national averages [20]. It was evident from this pilot that increases in farmers ability to 
understand and hence use agrometeorological information led to increases in farm production 
and farm incomes. This was similar to Burkina Faso, Kenya, India and Senegal pilots where 
climate informed farmers obtained higher yields compared to the control groups consisting of 
climate non-informed farmers [21,23,26,29,30,31]. The increased crop productivity was 
attributed to the willingness to invest in more expensive inputs by the climate informed 
farmers. In a pilot project carried out across three pilot sites in Nganyi, Kenya, climate 
informed farmers reported harvesting three to four times as much maize and sorghum in 
comparison to what they used to harvest without climate information [5,25,30]. These farmers 
attributed the increase in the harvest to weather forecast and agrometeorological advisories 
they received prior to the cropping seasons and seasonal updates they received as the seasons 
evolved. Similarly, farmers who participated in India’s integrated agrometeorological advisory 
service pilot initiative reported 10 -15% increase in yields in comparison to farmers who did 
not receive the advisories [6,30]. These findings are echoed in several pilot initiatives in 
Senegal [5,30,32,33]. In one of these initiatives comparison was done between test farms which 
applied climate information and control farms that did not use climate information in order to 
test increases in yields. The results indicated a 50% increase in souna yields and a 15% increase 
in groundnut flower yields as a result of using climate information throughout the growing 
season [33]. 
Other pilots have demonstrated that use of CIS results in even more associated benefits such 
as increased household income, enhanced family welfare, improved livelihoods, enhanced 
climate change resilience and improved food security and health [20,21,23,25,26,32,33,34].  
Overall these findings add to the growing body of literature that underscores the potential of 
providing CIS to smallholder farmers in managing current climate risk which in turn leads to 
other co-benefits. This demonstrated importance proves the worth of CIS in vulnerable 
smallholder farming systems and justifies the advocacy to enhance their adoption and use. 
However, as it was stated in the introduction section and as it emerges from the reviewed 
experiences, use of CIS has been promoted majorly through pilot projects, which are limited 
in scale and lifespan.  Despite this nature of the pilot projects, they have been successful in 
promoting CIS use among beneficiary communities many of whom are smallholder farmers. 
The factors that make these CIS past pilot projects to succeed can be borrowed as good 
practices to inform future efforts towards enhancing adoption of CIS among a wider 
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population. To this regard, factors that led to the success of the reviewed pilots were extracted 
and the results are presented in the next section.  
3.3 Key success factors emerging from the reviewed pilot experiences, which can be 
transferred as good practices to enhance adoption of CIS at the County level in Kenya. 
 
The reviewed pilots can be regarded as successful based on their impact on the beneficiary 
communities. Several factors contributed to the success of the reviewed pilots and these can be 
borrowed as good practices to inform future endeavors. One success factor is that many of the 
reviewed pilots used downscaled climate information to develop agrometeorological advisories 
[6,20,31], which helped to match the forecasts’ geographical scale with that of the farm level 
decision making. In these pilots, climate forecasts were downscaled using local weather station 
data since farmers decisions are made at the farms and not over coarse scales of the climate 
model outputs. This success factor increased the relevancy and usefulness of CIS, which in 
turn enhanced adoption rate by farmers.   
 
It is also evident that institutional partnerships among climate information providers and 
agricultural experts are necessary for ensuring that climate information is transformed into 
agrometeorological advisories that are relevant to the decisions of smallholder farmers through 
value addition [6,21,23,26,30,20]. These institutional partnerships were enabled through 
dialogue forums between the climate information providers and agricultural extension officers 
to translate raw climate information into agriculture advisories just before the beginning of the 
growing season. The forums enabled gathering together of different expertise needed to 
transform raw climate information into a form that is usable by farmers, which further increases 
relevancy of the information. These dialogue forums were later formalized into institutional 
frameworks for instance in Mali and India [6,20].   
 
In India, institutional framework comprising cross disciplinary experts worked together to co-
produce and disseminate CIS [6]. Meteorological service provided local downscaled climate 
information that was then value added by agricultural experts to create agro-meteorological 
advisories. Agricultural experts provided complementary agricultural advice relevant to the 
farmers. This helped to transform climate information jargon into an easy to understand form: 
CIS or agriculture advisories, which resulted into more adoption of CIS by farmers. At the 
County level institutional partnerships can be strengthened between the office of the County 
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Director of Meteorological Services and the County Ministry of Agriculture to develop relevant 
agricultural advisories. 
 
It is also important to extend these partnerships to include farmers to not only co-produce the 
climate service but to also co-design the process of information flow [30]. By doing this, 
farmers perspectives are valued and the provision of climate services is informed by the 
evolving needs of the farmer. At a County level, these institutional arrangements can be 
realized through bringing together relevant experts from different ministerial departments and 
legitimate farmer representatives to co-produce an integrated and tailored CIS. Involving 
farmers in the co-production process can help to capture the needs of the farmers and therefore 
tailor climate services to their needs [35]. In addition, co-production process improves farmers’ 
trust, ownership and uptake of climate services [6,20]. Local radio stations and seed suppliers 
can also be part of the partnership with the role of communication for instance in [23,30] pilot 
projects. These broad partnerships contributed to producing, adding value and communicating 
CIS. 
 
Another success factor is the use of face-to-face way of communicating CIS to the farmers 
either through various forums such as pre-season workshops and trainings. [30] notes that 
providing CIS to farmers does not capacitate them to respond and that this capacity can only 
be realized through participatory face-to-face pre-season training. Through various forms of 
face-to-face communication, the needs of the farmers can be understood. In addition, farmers 
views and traditional knowledge can be incorporated into the service thereby realizing the co-
production and co-design aspects both of which enhance adoption. The face-to-face 
communication can also serve as a means to make the probabilistic nature of climate 
information understandable by the farmers. Pre-season workshops in Burkina Faso enabled 
farmers to understand the probabilistic nature of climate information as well as its usefulness 
and limitations [21]. In Wote and Senegal pilots [31,32,33] pre-season workshops were found 
to be very effective in enhancing farmers’ understanding of probabilistic forecasts as well as 
identify farmer led farm management decisions in response to the forecasts. These pre-season 
workshops also provide dialogue space for farmers, climate information providers and 
agricultural extension officers to co-learn and co-produce relevant CIS [22].     
Pre-season workshops were however found to be expensive in several pilots and instead used 
simplified versions of workshops and trainings by incorporating them within activities of 
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locally existing development organizations that already have interactions with farmers in order 
to reduce cost [6,30]. This could also ensure sustained provision of services. These 
organizations include agricultural extension services, Red Cross volunteers, development 
NGOs and World Vision staff. However, there’s need to build capacity of these organizations 
to enhance their understanding of the information and ownership so that they can convey and 
interpret information for farmers [5,33]. There is therefore an opportunity to expand reach and 
sustain provision of CIS even with limited budget provisions by riding on the numerous local 
existing networks at the County level. [6] observed that collaboration between climate 
information providers and local NGOs or other existing projects that have extensive prior 
interaction with the farmers has the potential to increase reach and uptake of agro-
meteorological advisories by embedding it in local practice.    
Lack of access to climate information has been a notable obstacle to climate change adaptation 
[34] and therefore it is important to consider issues regarding information access. Smallholder 
farmers can be successfully reached through a diversity of communication channels. [28] 
demonstrates success in exploring different dissemination channels and designs that meet the 
needs of both men and women farmers.  However, these channels should be accessible to rural 
populations. [6] observed that in the villages where many forms of communication channels 
were used, awareness and use of climate information ensued. Post season surveys in several 
pilot projects revealed that farmers have different preferences as far a communication channels 
are concerned with some preferring either one or a combination of the following: radio, face-
to-face village meetings, short message service (SMS), training by agricultural extension 
agents, announcement over microphones in the villages, farmer groups/clubs, 
bulletins/booklets among others [6,20,25,26,30,32,33] underscore the need to use a wide 
mixture of communication methods in order to enhance reach and use of CIS instead of 
concentrating only on one or a few types.  
 
Modern technology for instance use of SMS in the local language and voice calls through cell 
phones has the potential to boost traditional modes of communication [5,33]. This is due to 
their broad cellular network that can offer extensive reach.  The short messages for instance 
can be sent in local language to legitimate farmer representatives chosen by the farmers and to 
extension agents who can then share the same with other farmers creating a multi-branch chain 
of information flow [32]. Choosing the most effective communication channel is crucial. 
However, as is evidenced by the reviewed pilots, farmers have different preferences and there 
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seems to be no magic bullet when it comes to communication methods. [26] demonstrated 
success in using mixed communication methods designed through consultation process with 
the farmers. This did not only ensure taking into consideration the divergent users and gender 
preferences but also ensured extensive reach of the information. At the County level, farmer 
consultation can be carried out to establish an effective set of diverse communication channels 
to ensure wide access and use of CIS.  
 
[35] tapped into agricultural extension services and used them as communication channels, 
which increased adoption of climate services by smallholder farmers. There was also similar 
success is using agricultural extension services networks to communicate climate services [6, 
30,32,36]. An overarching finding across these pilot projects was that access to extension 
services increased the likelihood of using climate services. Informed by these past projects, 
County Director of Meteorological Services can seek support from County agricultural 
extension staffs to ensure wide farmer access of CIS. Another success factor was presenting 
climate information in its probabilistic nature rather than simplifying it into a deterministic 
forecast [26,30,32]. Trainings were conducted to help farmers understand and interpret the 
probabilistic forecast, which increased transparency of the information and farmers’ 
confidence in using it. Farmers were empowered to formulate the best bet management 
decisions to cover the whole envelope of uncertainty. In addition, supplemental seasonal 
updates were communicated to the farmers in order to assist them to manage uncertainty as the 
seasons evolved. At the County level farmers can be trained to understand and interpret 
probabilistic climate information into actionable agro-advisories rather than using 
deterministic forecast that would be misleading in the long run. This can be supplemented with 
seasonal forecast updates and advisories for example by issuing 7 or 10 days forecast as the 
season progresses, which can inform recurrent farm decisions. 
 
Sensitization and involvement of climate related private sector is also important. This is 
especially so for the farm in put suppliers. [32] ensured access of the right seed and fertilizer 
by farmers through involving agro-dealers as stakeholders in the co-production process. [26] 
also ensured adequate supply of certified seeds and the right selection of seeds based on the 
seasonal forecast by providing forecasts to both farmers and the seed suppliers. Seed suppliers 
at the County level can therefore be considered as important stakeholders in the CIS flow chain 
who can contribute towards enhancing adoption of CIS among smallholder farmers. There is 
also success in leveraging existing local networks to act as dissemination outlets for instance 
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trusted local NGOs, CBOs, farm input suppliers, schools, farmer cooperatives and faith-based 
organizations. These ensure that climate services reach the farmers in the most remote areas 
operating under marginal infrastructure. In this regard access to CIS can be enhanced at County 
level by leveraging all local existing networks to act as dissemination units. 
 
Last but not least, two-way communication between the farmer and the climate information 
providers as well as other stakeholders in the CIS flow chain was found to strengthen farmers 
confidence in the forecast [5,20,25,26,30,32,35]. These communication means were made 
either through toll free numbers to CIS providers, interactive radio sessions, climate 
information call centers and face-to-face meetings. Through the two-way communication, 
farmers were able to query the information received as well as get clarification regarding 
information uncertainty, appropriate decision options to consider in response to a forecast 
among other things, which improved their confidence in using CIS and hence adoption 
[5,26,32,33,35]. This too can be emulated at County level. 
 
4. Conclusion 
Managing climate risk is integral to larger strategies for helping smallholder farmers adapt to 
the changing climate. CIS offer great opportunity to help smallholder farmers manage 
impeding climate risk, which contributes to building their adaptive capacity to climate change. 
As a result, many pilot-based initiatives have been developed to promote awareness and use of 
CIS among vulnerable smallholder farmers in Africa through million-dollar investments. These 
pilots have been successful in raising farmers’ awareness and use of CIS and they can inform 
transferrable good practices. As long as the pilot projects exist, beneficiary farmers are fully 
engaged in the CIS flow chain starting from data collection (in some pilots) to co-production, 
delivery, use and evaluation. However, this engagement ends with the end of the pilot projects, 
which leaves unmet demands as far as climate services are concerned.  As a result, the 
provision, awareness and use of CIS among beneficiary farmers continue to drop soon after the 
pilot projects end.  
 
Informed by this, the review sought to understand ways in which past CIS pilot projects have 
contributed to climate risk management in the context of smallholder farming. In addition, 
effort was also made to establish factors that caused these past pilots to succeed in raising 
awareness and use of CIS among smallholder farmers. The research questions of the study were 
informed by these two issues. To this end, systematic literature review approach was used to 
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establish solutions in two folds: contributions of past CIS pilot projects in climate risk 
management and   success factors that can inform future efforts seeking to enhance wider 
adoption of CIS.     
 
The review observed that past CIS pilot projects have had enormous contribution towards 
supporting smallholder farmers to manage climate risk. It is evident across the review that CIS 
main contribution to climate risk management has been through facilitating farm level decision 
making. CIS enable smallholder farmers to change the way they manage day to day farm 
practices through informing strategic farm level decisions such as when to prepare land, sow, 
weed, use pesticide and fertilizer among others. As a result, smallholder farmers are able to 
confront any climate related risks throughout the cropping season as well as reduce farm losses 
that normally result from climate risk. This capacity to manage climate risk through use of CIS 
improved the resilience of the smallholder farmers and it also resulted in many other associated 
benefits such as increased farm productivity, farm income, family welfare, food security and 
health.  
 
On the other fold past CIS pilot projects offer a lot of lessons that can be borrowed as good 
practices to realize wider adoption of CIS among smallholder farmers. These lessons were 
based on the factors that contributed to success of the pilot projects. They include: use of 
downscaled information; building institutional partnerships to add value to climate 
information; involving farmers through co-designing and co-developing CIS; face-to-face way 
of communication; embedding pre-seasonal workshops in the activities of local institutions for 
sustainability; using diversity of communication channels to enhance CIS reach; tapping into 
the extensive network of agriculture extension services; presenting forecast as probabilistic 
instead of  deterministic; training farmers to understand and interpret probabilistic forecast; 
two-way-communication between farmers and climate information providers; building 
capacity of stakeholder organizations to enhance their understanding of the information and 
ownership of CIS so that they can convey and interpret information for farmers; and sensitizing 
and involving climate related private sectors in the CIS flow chain.  
 
In conclusion, despite the fact that pilot projects are limited in scale and donor driven and hence 
short lived, they contribute enormously to climate risk management through facilitating farm 
level decision making. These contributions justify advocacy to enhance their adoption among 
more smallholder farmers. This adds up to the long-term desired climate change adaptive 
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capacity in the long-term. On the other hand, factors that contributed to the success of the 
projects can be borrowed as good practices to inform future endeavors seeking to enhance 
wider adoption among smallholder communities who have been found to be the most 
vulnerable to climate risk and climate change impacts. 
 
Regarding the methodology employed, this review has proved the superiority of systematic 
literature review over the traditional literature review methodology. By following a clearly 
indicated inclusion and exclusion criteria and documenting the search terms and all data bases 
searched, methodological transparency of the review process and ability to replicate is 
improved. This is unlike the traditional literature review methodology that neither follows any 
search criteria nor documents search terms and databases used subjecting it to researcher biased 
and ad hoc selection of literature. The findings of this review provide a case and a foundation 
on which to build a wider study towards enhancing wider adoption of CIS. 
 
The Arid and Semi-Arid Lands are usually targeted a lot as test beds for donor projects such 
as those fronting the use of climate services among the vulnerable inhabitants. However, many 
of these pilot projects are donor driven and not integrated in the activities of National or County 
Hydrological Services. This notwithstanding, the factors that make these pilot projects so 
successful in raising farmers’ awareness and use of climate services can be used to inform the 
works of National or County Hydrological Services. Guided by these success factors it will be 
possible to reach more vulnerable farmers sustainably with CIS both at the National and County 
level. With the now devolved system of governance the County Director of Meteorological 
Services have the potential to change the narrative surrounding the inadequate use of climate 
services by raising smallholder farmers’ awareness of the contribution of climate services to 
climate risk management.  
 
This should be followed by continued engagement with the farmers as well as all other County 
relevant stakeholders to develop a locally viable climate services information system informed 
by key success lessons uncovered in this review. With this in place at the County level, 
smallholder farmers will cease to use conservative farm management practices they used to use 
in absence of climate services and instead change the way the manage day to day farm practices 
guided by tailored climate services. Eventually smallholder farmers will be able to confront 
climate related risks and therefore improve their resilience to climate risks as well as adaptive 
capacity to climate change.     In addition, one of the principles of the Global Framework for 
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Climate Services (GFCS) is to primarily focus on attaining better access and use of climate 
services to assist decision making at all levels in support of climate related risks. In this regard, 
these lessons can be borrowed as good practices in this endeavor.  
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